The bending and vibration behavior of a curved FG nanobeam using the nonlocal Timoshenko beam theory is analyzed in this paper. It is assumed that the material properties vary through the radius direction. The governing equations were obtained using Hamilton principle based on the nonlocal Timoshenko model of curved beam. An analytical approach for a simply supported boundary condition is conducted to analyze the vibration and bending of curved FG nanobeam. In the both mentioned analysis, the effect of significant parameter such as opening angle, the power law index of FGM, nonlocal parameter, aspect ratio and mode number are studied. The accuracy of the solution is examined by comparing the results obtained with the analytical and numerical results published in the literatures.
Introduction
Nowadays various fields of science and industry namely electronics, optics, aerospace, mechanical and civil engineering are considerably affected by nanotechnology [1, 2] .To precisely design these structures having the knowledge of mechanical properties of nanostructure is strongly needed. For this purpose, numerous investigations are conducted to propose theories and methods to study the mechanical properties of such structures. Nonlocal theory that was proposed by Eringen is one of the best and commonest approaches used by researchers' community [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Based on this theory the stress at a reference point is a function of the strain at all neighbor points in the body. The natural frequency of nanotubes with consideration of surface effects using the nonlocal Timoshenko beam theory is studied in Lee et al. investigation [22] . In another study Wang et al. analyzed the free vibration of micro/nanobeams based on Eringen's nonlocal elasticity theory and Timoshenko beam theory [23] .
Currently nanocomposites are widely utilized in science and industry but because of their distinct interface which is accompanied with sudden variation in material properties they tend to lose their reliability [10] . To solve this phenomenon, there is a need to introduce a material, which has a smooth variation in its material properties.
Functionally Graded Materials (FGM) have this characteristic which has made them to be largely used in various shape in numerous industries [2, 24, 25] .The free vibration of piezoelectric FG beams with rectangular cross sections in pre/post-buckling regimes is analyzed by Komijani et al. [26] based on Timoshenko beam theory. Elather et al. analyzed the static-buckling behavior of functionally graded nanobeams as a core structure of micro and nano electro mechanical systems. The principle of virtual displacement is deployed to obtain the equilibrium equations. It was concluded that parameters such as material gradient index, boundary conditions and nonlocal effect have considerable influence on the bending behavior of FG nanobeams [28] .
Rahmani et al. used nonlocal beam theory to derive a closed-form solution for
Timoshenko FG nanobeam to analyze the size effect on vibration behavior of the functionally graded nanobeam [24] . [29] .
Due to the crucial role of curved micro/nanobeam in designing the engineering structures, various investigations are conducted to study the mechanical behavior of these structures [30] . Farshi et al. analyzed the dynamic behavior of curved nanobeam considering the small scale effect. Their results showed a considerable difference between the results derived from their proposed model and those of classical theories [31] . Wang et al. analyzed the free vibration of nanorings/arches using the Eringen nonlocal theory with consideration of the small scale effect [32] .In another study made by Madina et al. the asymmetric buckling of a shallow initially curved microbeam subjected to distributed nonlinear deflection-dependent electrostatic forced was analyzed [33] .
Due to the previous literature review, there is no investigation that analyzed bending and vibration of FG curved nanobeam and almost all of the investigations were about straight nanobeams. Hence, the purpose of this paper is filling 
Functionally Graded Materials properties
It is assumed that the curved nanobeam is a mixture of steel and alumina. According to present method, the gradient variation may be chosen arbitrarily, though to simplify the mathematical treatment, it is common for them to be shown as exponential-type dependence. However, from an experimental point, it seems constructive to employ a power law gradient. Therefore, the effective material properties of the curved nanobeam are obtained by
 represents the classical, microscopic second Piola-Kirchhoff stress tensor at point X, the kernel function (X X), K   denotes the nonlocal modulus, (X X)  is the distance and  stands for material parameter which depends on internal and external characteristic length. Based on the generalized Hooke's law the macroscopic stress  at point X in Hookean solid is related to the strain at point X which is as follows
3) The fourth-order elasticity tensor which denotes double-dot product is represented by C . Eqs. (2)and (3) together represent the nonlocal constitutive behavior of Hookean solid. The weighted average of the contributions of the strain field of all points in the body to the stress field at point Xis indicated by Eq. (2). For the sake of simplicity, an equivalent differential model is used instead of integral constitutive relation, which is evaluated as follows
 where 0 e is a constant which varies based on each material and a and  represents the internal and external characteristic length. The nonlocal parameter which is represented by  varies in accordance with different materials. For an elastic material in the one dimensional case, the nonlocal constitutive relations may be simplified as 
Governing Equations
Using the Hamilton principle and energy approach the governing equations are obtained in this section. For this purpose assume a curved beam with radius R and angle  which is shown in Fig. 1 . According to the Timoshenko beam theory the displacement fields for curved beam are as follows 
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Where the shear strain of bending axis is denoted by  and the strain at any points is evaluated as
Hamilton principle is defined in 0 t  and t T  as follows
Where U shows the total strain energy, K denotes the Kinetic energy and W is the performed work. The first variation of the total strain energy is calculated as
Where , N M and Q are the axial normal force, the bending moment and the shear force respectively which are defined as follows , ,
Where shear k is the shear correction coefficient. The first variation of the performed work is evaluated as follows
Where f and p denotes the radial and tangential distributed load, respectively. The first variation of kinetic energy is calculated as follows (13) and (14) into Eq. (10) gives 0 0 
, and (17), (18) and (19) into nonlocal Eqs. (20), (21) and (22) 
Analytical Solution of Curved FG Nanobeam
An analytical solution of a curved FG nanobeam in simply supported boundary condition is proposed in this section. The displacement was chosen in a way that satisfies the boundary condition as follows 
BendingAnalysis
Variables 0 0 , u w and  are time independence in static analysis where 0 0 ( )
. As a consequence all the time derivatives in Eqs. (24), (25) and (26) are eliminated. It is assumed that only the radial distributed force is applied to the curved nanobeam which is expanded based in Fourier expansion that is calculated in the following equation
For different types of loading n F is calculated as follows 
Where the stiffness matrix and n  is calculated as follows 
Vibration Analysis
The free vibration of a curved FG nanobeam is analyzed in this section. The radial and tangential forces are not considered in this analysis. Substituting Eqs. (27)- (29) into Eqs. (24)- (26) 
, .
In order to obtain the non-trivial solution for 
Results and Discussion
Several numerical examples to study the influence of the opening angle parameter, nonlocal parameter, thickness ratio, material distribution, and mode numbers are presented in this section. The material properties of Steel and Alumina ( 2 3 A l O ) are utilized in this work. For steel E=210 GPa, ρ=7800 Kg/m 3 and for Alumina E=390 GPa, ρ=3960 Kg/m 3 .
9.Validation
As mentioned, when the radius of curved FG nanobeam and its opening angle increases and decreases, its mechanical behavior approaches to those of straight one. For this purpose a comparison has been made between the vibration behavior of a curved FG nanobeam with very slight opening angle of 0.5 360
and a straight nanobeam [24] .The dimensionless natural frequency Table  1 .It is concluded that our results are in agood agreement with Ref. [24] .
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Present Rahmani et al [24] Present Rahmani et al [24] Present Rahmani et al [24] Present Rahmani       is shown in Fig. 2a-2f . As seen, increasing the power index law decrease the amount of frequency which is more intense for p<2. Also as l/h ratio increases the difference between the frequencies decreases. This leads to a fact that the shear effect decreases with increasing the length of nanotube. As observed in Tables 1-5 it is also concluded that as the opening angle increases the amount of frequency decreases. The variation of non-dimensionalized frequency per different aspect ratios versus mode number and for nonlocal parameter of 0,1, 2,3   is shown in Fig.3a-3d respectively. The opening angle is assumed to be 3

. As predicted increasing the mode number tends to increase the frequency values.The importance of nonlocal parameter and non-classical theories is clarified by comparing Fig.3a with Fig.3b as the frequency of the sixth mode of Fig.3a is twice those of Fig.3b .       is shown in Fig. 4(a-f) .The difference between the radial displacement for low aspect ratios and the radial displacement in high aspect ratios is considerable which increases as the power law index increases. It should be noted that in the vibration analysis increasing the aspect ratio results in increasing the frequencies while in bending analysis increasing the mentioned values tends to decrease the radial displacement.
Figure4. The variation of dimensionless radial displacement versuspower law indexand for selectedaspect ratios and for opening angle simply supported curved beam (μ=4)
Conclusion
In this work, the nonlocal Timoshenko beam model of a curved beam is used to analyze the bending and vibration problem. Using the Hamilton principle and the nonlocal theory the differential equations and governing equations for a curved FG nanobeam were obtained respectively. The Navier method was employed to propose a vibration and bending solution. The influence of some parameters such as curved FG nanobeam opening angle, nonlocal parameter, mode number, aspect ratio and the influence of power index law of FGM on the non-dimensionalized frequency, non-dimensionalized radial displacement and non-dimensionalized tangential displacement were thoroughly studied in this work by employing several tables and graphs. The results revealed that increasing the aspect ratio results in increasing and decreasing the non-dimensionalized frequency and displacements respectively. As the nonlocal parameter increases the amount of frequency and the radial and tangential displacement decreases and increases respectively. It was also concluded that the non-dimensionalized frequency and the radial and tangential displacement decreases and increases with increasing the opening angle respectively which shows the importance of the angle parameter.
